The effects of heavy metals of mercury and lead on microbial biomass carbon and microbial biomass nitrogen in soil were studied. The results indicate that mercury and lead all show their toxic effects on microbial biomass carbon and microbial biomass nitrogen, while the toxicity of mercury, is much larger than that of lead. As to Mercury, the critical content which resulted in significant reduction of microbial biomass carbon is 0.6 mg/kg soil, for microbial biomass nitrogen the content is 0.8mg/kg•soil. As to lead, the critical content is 150mg/kg•soil for microbial biomass carbon, and 100 mg/kg soil for microbial biomass nitrogen. For microbial biomass nitrogen, when the contents of mercury and lead were respectively between 0.6-1.2mg/kg•soil and 150-200mg/kg•soil, the toxic effects had a sudden increasing, which is a worthwhile phenomenon to study in future.
Introduction
Soil is a loose surface layer of the earth, which contains life activities, matter cycling and energy exchanging; it also is a biogeochemical material [1] . Soil organic matter is the basis of soil fertility and the substrate on which the microbes live [2] . Soil micro-organisms are crucial to the functioning of any terrestrial ecosystem. They participate in soil biochemical processes, organic matter decomposition, and maintenance of soil structure [3] . Soil microbial biomass is a very little portion of the soil organic matters, however it has a high nutrient availability and the highest activity in the components of the soil organic matters. Soil microbial biomass carbon is one of the important parameters to stand for soil microbial biomass, and soil microbial biomass nitrogen is anther common parameter [4] . The microbial biomass is thought a useful indicator of pollutant levels in soils [5] .
Soil pollution, including heavy metal pollution, has become a serious problem in many countries, impeding the use of land [6] .In the recent years, many people studied the effects of lead on soil microbial properties such as soil microbial biomass carbon [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , but they mainly investigated and statistically calculated the complex heavy metal pollution from the field samples, and this has a shortcoming of hard to separate the effects of different factors [20] . Muhammad Akmal et al. [21] studied the single effect of several heavy metals including lead on the soil biomass. To my best knowledge, in the recent years, no studies were found about mercury pollution effects on soil microbial biomass.
This paper studied the effects of added mercury and lead on soil microbial biomass carbon and microbial biomass nitrogen in paddy soil from Southwest of China.
Materials and Methods

Soil Sample
The soil for experiments is paddy soil from Southwest of China. The basal properties were determined firstly [22, 23] , the results are showed in table1. 
Experimental Design
The heavy metals added for the experiments are lead tetraacetate and mercury (II) sulfate. The heavy metal reagents were dissolved in the de-ionized water to make reserve liquid. According to the assigned concentrations by the experimental design, a series of reserve liquid volumes were added into the soil samples, readily stirred to mix well, and then incubated in the room temperature.
The concentrations of heavy metals were calculated in the terms of the element quantities of the heavy metals.
Analytical Methods
Soil microbial biomass carbon was determined, after a fumigation extraction procedure, in a TOC analyzer and calculated , biomass nitrogen, calculated from the difference between ninhydrin-reactive N in fumigated and non-fumigated soil extracts [4, 24] .
Results
The effects of heavy metal concentrations on soil microbial biomass carbon
Figure l showed the relation of lead concentrations and soil microbial biomass carbon.
Figure1
The relationship between lead content and biomass-carbon Figure 1 showed an obvious negative correlation between soil microbial biomass carbon contents and lead contents in soil. When the lead content reaches 150mg/kgsoil, the soil microbial biomass carbon content will have a significant decrease (up to 10%). This indicates that lead content results in an obvious restriction on soil microbial biomass carbon. Figure 2 showed the relation of mercury concentrations and soil microbial biomass carbon. Figure2 The relationship between mercury content and biomass-carbon Figure 2 showed an obvious negative correlation between soil microbial biomass carbon contents and mercury contents in soil. The content of mercury to make soil microbial biomass carbon content having a significant decrease (up to 10%) is 0.6. mg/Kg soil. When the added mercury content goes from 0 mg/Kg soil to 1.6 mg/Kg soil, the soil microbial biomass carbon content will decline from 181.1 mg/Kg soil to 104.9 mg/Kg soil. These indicate that mercury content results in a obvious restriction on soil microbial biomass carbon. Figure 3 showed the relation of lead concentrations and soil microbial biomass nitrogen. From figure 3 , an obvious negative correlation can be found between soil microbial biomass nitrogen contents and lead contents in soil. The content of lead to make soil microbial biomass carbon content having a significant decrease (up to 10%) is 100mg/Kgsoil. When the added lead content goes from 0 mg/Kg soil to 300 mg/Kg soil, the soil microbial biomass carbon content will decline from 46.1 mg/Kg soil to 18.8 mg/Kg-soil. And when the added lead contents are between 150 mg/Kg soil and 200 mg/Kg soil, the curve showed a sudden decreasing, indicating a sudden increasing in toxicity in this range of soil lead content. It's a strange phenomenon perhaps worth of further study. Figure 4 showed the relation of mercury concentrations and soil microbial biomass nitrogen. The relationship between mercury content and biomass-nitrogen Figure 4 showed an obvious negative correlation between soil microbial biomass nitrogen contents and mercury contents in soil. The content of mercury to make soil microbial biomass carbon content having a significant decrease (up to 10%) is 0.8mg/Kgsoil. When the added mercury content goes from 0 mg/Kg soil to 1.6 mg/Kg soil, the soil microbial biomass carbon content will decline from 49.3 mg/Kg soil to 17.1 mg/Kg soil. And when the added lead contents are between 0.6 mg/Kg soil and 1.2 mg/Kg soil, the curve also showed a sudden decreasing, indicating a sudden increasing in toxicity in this range of soil lead content.
The effects of heavy metal concentrations on soil microbial biomass nitrogen
Discussions and Conlusions
Compare the decreased extent of the soil microbial biomass carbon content, mercury has larger harm effect on soil microbes, because if make linear regression of soil heavy metal contents and soil microbial biomass carbon, the slope of mercury is larger than that of lead indicating a larger declining extent. And as to the microbial biomass nitrogen content, the similar pattern can be found. So mercury has stronger toxicity than lead, which is consistent to the common knowledge.
For soil microbial biomass nitrogen, not only mercury but also lead showed a sudden increasing in toxicity in a certain range of heavy metal contents. It's a strange phenomenon perhaps worth of further study.
This study shows that mercury and lead both make soil microbes generate significant response to their toxicity, moreover, the harm effect of mercury is stronger than lead. As to soil microbial biomass nitrogen there is an interesting phenomenon for further study.
